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Abstract

Cutaneous human papillomaviruses (HPV) have been reported in cutaneous squamous cell 

carcinoma (SCC). We conducted a clinic-based case–control study to investigate the association 

between genus-beta HPV DNA in eyebrow hairs (EBH) and SCC. EBH from 168 SCC cases and 

290 controls were genotyped for genus-beta HPV DNA. SCC tumors from a subset of cases (n = 

142) were also genotyped. Viral load was determined in a subset of specimens positive for a single 

HPV type. Associations with SCC were estimated by odds ratios (OR) and 95% confidence 

intervals (CI) adjusted for age and sex using logistic regression. Statistical tests were two-sided. 

EBH DNA prevalence was greater in cases (87%) than controls (73%) (p < 0.05), and the 

association with SCC increased with the number of HPV types present, (≥4 types vs. HPV-

negative: OR = 2.02, 95% CI = 1.07–3.80; ptrend = 0.02). Type-specific associations were 

observed between SCC and DNA in EBH for HPV23 (OR = 1.90, 95% CI = 1.10–3.30) and 

HPV38 (OR = 1.84, 95% CI = 1.04–3.24). Additionally, when compared with the controls, the 

DNA prevalence in EBH was significantly higher among cases for 11 of the 25 genus-beta types 
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tested, when accounting for DNA for the same HPV type in the tumor (ORs = 3.44–76.50). 

Compared to controls, the mean viral DNA load in EBH among the selected cases was greater for 

HPV5, HPV8 and HPV24, but lower for HPV38. SCC cases were more likely than controls to 

have HPV DNA+ EBH for single and multiple HPV types, providing additional support for the 

potential role of genus-beta HPV infections in SCC development.
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Epidemiological evidence supports a potential role for cutaneous human papillomaviruses 

(HPV) in the development of squamous cell carcinoma (SCC). The presence of genus-beta 

HPV DNA in SCC tumor tissues has been reported among immunocompetent individuals, 

with prevalence ranging from 20 to 48%.1-6 Genus-beta DNA has also been detected in 

plucked eyebrow hairs from SCC cases with prevalence estimates varying by country (44–

90% in Australia,7-9 71–93% in The Netherlands6,7,10 and 95% in Italy7). In addition, SCC 

has been positively associated with DNA for any genus-beta type in eyebrow hairs6-8,10 as 

well as specific types 5, 15 and 20.6,10

Highly sensitive PCR techniques11 enable quantification of viral DNA in human tissue 

samples and may serve as an indicator for production of virions. In contrast to the high viral 

DNA loads observed in patients with epidermodysplasia verruciformis (EV),12 and in organ 

transplant recipients,13 lower viral DNA loads in eyebrow hairs have been observed among 

immunocompetent individuals without a history of SCC13 suggesting the potential 

importance of the immune system in prevention of HPV infection and SCC development. 

However, epidemiologic studies investigating the association between HPV activity and 

SCC among immunocompetent individuals have been limited.

We previously reported that genus-beta HPV seropositivity was associated with SCC and 

that, compared to controls, genus-beta HPV seroprevalence was greater among SCC cases 

with genus-beta HPV DNA positive tumors.14 This analysis investigated the association 

between genus-beta HPV DNA in plucked eyebrow hairs and SCC within the same case–

control study population. To our knowledge, this is the first epidemiological study in a US 

population to investigate the association between genus-beta HPV DNA in eyebrow hairs 

and SCC and to stratify such estimates by the presence or absence of genus-beta HPV DNA 

in the tumor tissues among the SCC cases. We also measured genus-beta typespecific HPV 

DNA load in eyebrow hairs and SCC tumor tissues for a subset of participants.

Material and Methods

Study design and population

The clinic-based case–control study design and population have been previously described 

in detail.14,15 Briefly, histologically confirmed SCC cases (n = 191) were recruited from the 

University of South Florida (USF) Dermatology clinic. Control subjects comprised patients 

undergoing skin cancer screening exams at Moffitt’s lifetime cancer screening (LCS) and 

patients undergoing routine physical examinations at the USF Family Medicine clinics. 
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Controls had no history of any cancer and were determined to be free of prevalent skin 

cancer based on full-body skin cancer screening exams (n = 281). If a patient’s suspicious 

lesion detected during the exam was determined to be benign based on pathology review, the 

patient was included as a control (n = 77). If a patient’s screen-detected lesion was 

histologically confirmed to be an SCC, then that patient was included as a case (n = 6). All 

study participants were aged 18–80.

Demographic and sun exposure-related characteristics for study participants were captured 

by questionnaire. With the exception of two non-White controls, all participants were White. 

At the time of study enrollment, six to eight eyebrow hairs were plucked from study 

participants and snap frozen in liquid nitrogen. Of the 174 SCC cases and 300 controls with 

available cutaneous HPV serology data,14 eyebrow hair samples were available from 169 

cases and 295 controls. After exclusion of beta-globin negative specimens, the final sample 

size for the analysis of HPV DNA in eyebrow hairs was 168 cases and 290 controls.

A 3-mm, flash frozen punch of tumor tissue was obtained from SCC patients. Only beta-

globin-positive specimens were included, corresponding to 180 tumors from 159 

individuals, including 19 who contributed tissues from distinct, concurrent tumors. The final 

sample size for analyses including HPV DNA in eyebrow hairs and DNA status of the 

tumors consisted of 142 cases and 290 controls. Written informed consent was provided by 

all study participants after all study procedures were approved by the institutional review 

board at USF.

DNA extraction and HPV genotyping

DNA extraction from fresh-frozen SCC tumor tissues and plucked eyebrow hair samples 

was conducted with the QIAGEN EZ1 DNA Tissue Kit. HPV genotyping was performed, 

blinded to case–control status, by a type-specific multiplex genotyping (TS-MPG) 

assay.16-19 Multiplex-PCR was performed using serial dilutions of HPV DNA (from 1,000 

to 0 copies of viral genome) from different beta HPV types as the template. PCR products 

were obtained even when only ten copies of the viral genome for each HPV type were used 

as a template. HPV genotyping was successfully repeated in a blind manner, three times in 

ten individual subjects, demonstrating reproducibility for specific HPV types.16 The assay 

detects the DNA of 25 genus-beta HPV types (5, 8, 9, 12, 14, 15, 17, 19, 20, 21, 22, 23, 24, 

25, 36, 37, 38, 47, 49, 75, 76, 80, 92, 93 and 96). Two primers for the amplification of beta-

globin were added to provide a positive control for the quality of the template DNA.20 

Information on DNA positivity for HPV49 was not available for the tumor tissues.

Quantitative, real-time PCR

Detection of the beta-globin gene and the number of DNA copies of HPV5, 8, 15, 20, 23, 

24, 36 and 38 in selected eyebrow hair and tumor tissue samples was conducted, blinded to 

case–control status, by quantitative PCR (qPCR) using the “LightCycler-Control Kit DNA” 

(Roche) and protocols described previously.11,21 Replicate assays of samples with viral 

loads of 2–100 HPV DNA copies per 2 μl showed high reproducibility with a maximal 

deviation of 66% and an average of ±21%.
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SCC cases infected with an identical, single genus-beta HPV type in both their eyebrow hair 

and tumor samples (as previously determined by multiplex-PCR) were selected for viral 

DNA load determination (n = 31). For comparison, controls were also selected for viral load 

analysis (n = 56). Controls were chosen if they had a single genus-beta HPV infection in 

their eyebrow hairs that was the same single HPV type detected in some SCC cases. For 

example, HPV5 was detected by multiplex PCR as a single infection in both the eyebrow 

hair and tumor for four SCC cases. HPV5 viral load was subsequently measured in eyebrow 

hairs and tumors for these four SCC cases, in addition to the eyebrow hairs of five controls 

that also tested positive only for HPV5 by multiplex PCR.

Statistical analysis

The chi-square test was used to compare skin cancer risk factors between cases and controls. 

Genus-beta HPV typespecific DNA prevalence was calculated as the proportion of SCC 

cases and controls who tested positive for DNA to a given type. Overall HPV DNA 

prevalence was calculated as the proportion of patients who tested DNA-positive for at least 

one HPV type. Logistic regression was used to estimate odds ratios (OR) and 95% 

confidence intervals (CI) for the associations between HPV DNA positivity in eyebrow hairs 

and SCC. To account for multiple comparisons, the Bonferroni correction method was 

applied, reducing the significance level to p < 0.002. Associations between sunlight related 

factors and SCC were stratified by the presence or absence of HPV DNA in the eyebrow 

hairs, and stratum-specific ORs and 95% CI were estimated. These factors included history 

of blistering sunburn (yes vs. no), cutaneous sensitivity to the season’s first sunlight 

exposure (sunburn with or without blistering vs. mild sunburn that turns to a tan/tan/no 

change in skin color) and tanning ability to repeated sunlight exposure (tans easily vs. unable 

to tan/tan after working at it). Statistical significance of multiplicative interactions between 

genus-specific HPV DNA status in the eyebrow hairs and sunlight-related factors as they 

related to SCC was tested by placing an interaction term for the product of HPV DNA status 

and each sunlight related factor in the logistic regression models. A p-value of < 0.05 for the 

beta coefficient corresponding to the interaction term was considered statistically significant.

SCC tumor tissues were classified as positive or negative for the presence of genus-beta 

HPV DNA. The 19 cases who contributed more than one SCC tumor tissue were considered 

DNA-positive if at least one of the tumor tissues provided tested positive for genus-beta 

HPV DNA. Type-specific concordance was calculated among the SCC cases as the 

proportion that tested DNA-positive for a given HPV type in the eyebrow hairs and who also 

had DNA in their tumor tissue corresponding to the same HPV type. Logistic regression was 

used to estimate the OR and 95% CI corresponding to the case–control differences in type-

specific DNA positivity in the eyebrow hairs, stratified by the presence or absence of DNA 

to the same HPV type in the SCC tumor tissue.

Factors that altered the study-specific ORs and 95% CIs by more than 10% were adjusted 

for in the logistic regression models (i.e., age, sex, education, hair color, occupational 

sunlight exposure, tanning ability and smoking). To rule out the possibility of residual 

confounding by sex and age, independent analyses were conducted stratified by sex and 

restricted to a narrower age range of 40–69 years.
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Type-specific HPV DNA load for eyebrow hair and tumor tissue samples was quantified by 

dividing the number of copies of HPV DNA detected in each sample by the total number of 

cells (determined by the number of beta-globin copies divided by two) in that sample. In 

view of low viral DNA loads (<1 viral DNA copy per cell), mean viral DNA loads were 

expressed as the number of viral copies per 100,000 cell equivalents. Mean viral DNA load 

comparisons excluded samples that did not amplify the beta-globin gene. Within SCC cases, 

viral DNA load comparisons between eyebrow hairs and tumors were restricted to include 

only those cases that were determined to be qPCR positive in both samples. Case–control 

comparisons of viral DNA loads in eyebrow hairs were restricted to HPV types where at 

least one case and one control were positive for that type (5, 8, 23, 24 and 38).

To examine the associations between HPV eyebrow hair DNA and SCC in the context of 

our previously published HPV serology results,14 we conducted two stratified analyses. The 

first was modeled after the study by Proby et al.22 to facilitate comparisons across studies. 

The second was designed to tease apart the independent and combined effects of HPV 

seropositivity and HPV DNA in eyebrow hairs by defining those who were HPV 

seronegative and DNA negative as the reference group.

All statistical tests were considered two-sided. Analyses were performed using the SAS 

statistical software package (version 9.2; SAS Institute).

Results

Demographic characteristics between cases and controls are presented in Table 1. SCC cases 

tended to be older (p < 0.0001), male (p < 0.0001), less educated (p = 0.001) and smokers (p 

= 0.0002). Cases also exhibited lighter phenotypic characteristics, such as light eye (p = 

0.003) and hair (p = 0.003) color, displayed greater cutaneous sensitivity (p = 0.001) and an 

inability to tan (p < 0.0001) during sunlight exposure, and were more likely to report a 

history of occupational sunlight exposure (p < 0.0001).

Compared to 73% of controls, 87% of SCC cases had genus-beta DNA positive-eyebrow 

hairs. After adjustment for age, sex, education, hair color, occupational sunlight exposure, 

tanning ability, and ever-smoking status, type-specific analyses revealed significant 

associations between SCC and DNA in eyebrow hairs for HPV23 (OR = 1.90, 95% CI = 

1.10–3.30) and HPV38 (OR = 1.84, 95% CI = 1.04–3.24) (Table 2). SCC was associated 

with an increase in the number of genus-beta types present in the eyebrow hairs, with 

positivity up to ≥4 types associated with a twofold risk of SCC (OR = 2.22, 95% CI = 1.07–

4.61; ptrend = 0.03) (Table 2). Stratified analyses demonstrated no significant differences by 

sex in the associations between HPV DNA in eyebrows and SCC (data not shown). When 

analyses were restricted to individuals aged 40–69, similar associations were observed for 

HPV23 and HPV38 (Table 2). No associations presented in Table 2 remained statistically 

significant after accounting for multiple comparisons.

Associations between measures of sunlight exposure and SCC did not differ significantly by 

the presence or absence of HPV DNA in eyebrow hairs, including history of blistering 

sunburn (pinteraction = 0.10), cutaneous sensitivity to the season’s first sunlight exposure 
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(pinteraction = 0.30), and tanning ability to repeated sunlight exposure (pinteracton = 0.40) (data 

not shown).

Sixty-six percent of SCC tumors were DNA-positive for ≥1 genus-beta HPV type(s) (Table 

3). Tumors developed mostly in the head and neck region (56.1%) compared to other body 

parts (43.9%) (data not shown). With the exception of HPV15 (p = 0.001), the prevalence of 

individual HPV types did not vary by anatomical region of tumor development (data not 

shown). Among the 19 SCC cases that contributed more than one tumor specimen, HPV 

type-specific DNA positivity across tumor tissues and eyebrow hair samples were 

compared. Eleven of nineteen cases tested positive for at least one identical type across 

tumor samples and ten of nineteen cases tested positive for at least one identical type in their 

tumor and eyebrow hair samples (data not shown).

Associations between HPV DNA positivity in eyebrow hairs and case–control status 

stratified by HPV DNA status of the tumor are presented in Table 4. Among the 93 HPV 

DNA-positive cases, 75% (n = 70) tested DNA-positive for the same type in the eyebrow 

hairs as in the tumor (data not shown). For 18 of the HPV types tested, the DNA prevalence 

in the eyebrow hairs was significantly higher among cases with the same type detected in the 

tumor tissue when compared to controls; statistical significance was retained for 11 types 

after accounting for multiple comparisons. In contrast, no significant positive associations 

were observed between the presence of specific HPV types in eyebrow hairs and SCC cases 

who had tumors that were positive for HPV type(s) other than the type of interest detected in 

the eyebrow hair. Furthermore, no difference in DNA prevalence in eyebrow hairs was 

observed between controls and the 49 SCC cases with HPV DNAnegative tumors (Table 4). 

Thus, associations between HPV types in eyebrow hairs and SCC were specific to those 

cases with tumors positive for the identical HPV type(s).

Among the SCC cases who were concordant for a single HPV type in their eyebrow hair and 

tumor tissue, the mean viral DNA load (expressed as the number of viral copies per 100,000 

cell equivalents) was greater in the eyebrow hairs than tumors for HPV5 (1,172 vs. 63), 

HPV8 (471 vs. 43), HPV24 (139 vs. 0.7) and HPV38 (160 vs. 54) (Table 5). Additionally, 

compared to controls, the mean viral DNA load in the eyebrow hairs among the cases was 

greater for HPV5 (1,172 vs. 256), HPV8 (471 vs. 75) and HPV24 (139 vs. 86) but lower for 

HPV38 (160 vs. 211) (Table 5). None of the samples tested by qPCR were positive for 

HPV20 and HPV36, and the eyebrow hair sample from a single SCC case was qPCR 

positive for HPV15 (532 copies/100,000 cell equivalents) (data not shown).

Results of the analysis modeled after Proby et al.22 show that HPV seroreactivity (methods 

for HPV antibody measurement have been described previously14) is associated with SCC, 

regardless of the presence of HPV DNA in eyebrow hairs, although these associations were 

not statistically significant (Table 6, A). When the reference group was restricted to those 

who were negative for both HPV DNA and HPV antibodies, independent associations with 

SCC of similar magnitude were observed for the presence of HPV antibodies (OR = 1.92, 

95% CI = 0.56–6.61) and HPV DNA (OR = 1.90, 95% CI = 0.62–5.77), although neither 

association was statistically significant (Table 6, B). Associations with SCC were of greater 

magnitude for the participants who were positive for both HPV DNA and antibodies, 
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whether they were positive for the same HPV types (OR = 2.37; 95% CI = 0.78–7.19) or 

discordant types (OR = 3.36, 95% CI = 1.12–10.07), with the latter association being 

statistically significant.

Discussion

Our findings are consistent with some but not all previous studies. Australian and Italian 

case–control studies8,9 did not observe statistically significant associations between genus-

beta HPV infection in eyebrow hairs and SCC. In contrast, case–control studies from The 

Netherlands reported associations consistent with our study findings.6,7 In previous case–

control studies measuring DNA in eyebrow hairs for the six EV-HPV types (5, 8, 15, 20, 24 

and 38), type-specific associations among Dutch individuals were observed for HPV5, 15 

and 20.6,10 Differences in findings across studies could be due to differences in DNA 

detection methods and assay sensitivities, as well as underlying population characteristics 

that could affect cutaneous HPV infection and its association with SCC, such as ambient 

UVR exposure.

This is the first case–control study to investigate the associations between SCC and genus-

beta HPV DNA in plucked eyebrow hairs incorporating comparisons with the presence of 

DNA in the tumor tissues. After correction for multiple comparisons, associations between 

HPV DNA in eyebrow hairs and SCC were statistically significant for eleven of 25 

genusbeta types when comparing SCC cases with DNA for the same HPV type present in 

the tumor tissue to controls. Furthermore, no differences in HPV DNA prevalence in 

eyebrow hairs were observed when comparing SCC cases with tumors negative for all beta-

HPV types to controls. Therefore, results from previous studies of HPV DNA in eyebrow 

hairs and SCC that did not take into account the presence of HPV DNA in the tumor tissues 

may have been attenuated. Given the correction for multiple comparisons and HPV type-

specificity observed, it is not likely that the findings from this study are due to chance.

Positive associations with SCC were observed for HPV23 and HPV38 in analyses including 

eyebrow hairs only as well as analyses stratified by HPV DNA in the tumor. However, 

compared to cases, qPCR analysis revealed higher viral DNA loads in eyebrow hairs of 

controls for HPV38. For types 5, 8, and 24 case–control differences in DNA prevalence in 

eyebrow hairs were only observed, when accounting for HPV DNA in the tumor, but higher 

viral DNA loads were observed in cases compared to controls for these types. Some samples 

were positive by multiplex PCR but negative by qPCR, reflecting the lower analytic 

sensitivity of qPCR that resulted from lower amounts of input DNA used (2 μl vs. 10 μl), 

due the limited sample volumes available. Beta-globin levels did not differ between the SCC 

cases and controls. However, a greater proportion of controls were HPV qPCR negative 

compared to cases, further indicating that viral loads were lower in eyebrow hairs from 

controls compared to cases.

Within SCC cases, the mean viral DNA load was greater in eyebrow hairs than tumors for 

HPV5, 8, 24 and 38. One explanation may be that eyebrow hair follicle cells are more 

homogenous compared to tumor tissues which contain a mixture of cells (i.e., malignant and 

normal keratinocytes, infiltrating lymphocytes). Still, the absolute viral loads in tumor 
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tissues were orders of magnitude less than one copy per cell, suggesting that these tumors 

did not arise from clonal expansion of an HPV-infected cell. Previous studies have shown 

that cutaneous HPV loads are greater in actinic keratoses compared to SCC, suggesting that 

HPV may play a role in earlier stages in skin carcinogenesis.21 Additionally, viral load may 

decrease during skin carcinogenesis due to disruption of cell differentiation, a condition 

necessary for completion of the viral lifecycle.23

Although the type-specific associations vary across study populations, similar type-specific 

associations are observed within this study across multiple biomarker measures of HPV 

infection. Previous reports from the same case–control study demonstrated an association 

between any genus-beta HPV seropositivity and SCC, with type-specific associations 

observed for HPV8 and HPV17.14 Also, greater seroprevalence for HPV5, HPV17 and 

HPV24 was also observed for SCC cases with DNA in their tumor tissues for the same 

types. Similar findings were not observed when comparing genus-beta HPV DNA 

prevalence in eyebrow hairs between SCC cases and controls. However, when accounting 

for the presence of HPV DNA in the tumor, SCC cases with HPV5, HPV8, HPV17 and 

HPV24 DNA positive tumors had a higher DNA prevalence for the same type in their 

eyebrows compared to controls. Furthermore, viral DNA loads in eyebrow hairs were higher 

in cases for HPV5, HPV8 and HPV24 compared to controls.

An ongoing challenge in epidemiological research investigating the associations between 

cutaneous HPV infection and its potential role in SCC development is defining the presence 

of an HPV infection that is clinically relevant, especially as cutaneous HPV infection is 

ubiquitous in the general population. One method to address this issue is to compare HPV 

seroprevalences between SCC cases and controls in the absence or presence of concordant 

HPV DNA in the eyebrow hairs. Despite being limited by a small sample size, analyses in 

this study suggested that the independent associations with SCC were similar for HPV DNA 

in eyebrow hairs and HPV seropositivity. Furthermore, the magnitude of the association 

increased among participants who were positive for both DNA in the eyebrow hair and HPV 

antibodies. It is possible that the combination of biomarkers measures a higher risk 

cutaneous HPV infection with greater specificity than either of the biomarkers alone.24 

Although the risk estimate was greatest for the subgroup of participants who were 

seropositive for different HPV types than those detected in their eyebrow hairs, it was not 

significantly different from that observed in the group with concordant HPV types. 

Furthermore, the importance of type concordance when comparing antibodies and the 

presence of DNA is unclear, given that antibodies are a measure of past exposure. 

Prospective studies are needed to distinguish the differences in SCC risk associated with 

HPV infection as measured by different biomarkers.

As described previously,14 the clinics used for recruitment service the same underlying 

community, with the controls demonstrating similar health behaviors as the general 

population. Therefore, it is believed that this study results are generalizable to external 

populations. The significant case–control differences in sex and age is another limitation of 

this study. However, results of the sensitivity analyses demonstrated that the observed 

associations between cutaneous HPV and SCC were not likely due to residual confounding 

by age and sex. Correction for multiple comparisons reduced the statistical significance of 
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the associations between SCC and DNA in the eyebrow hairs for HPV23 and HPV38, and as 

such, chance cannot be ruled out as an explanation for these findings. Even so, a majority of 

the associations stratified by HPV DNA status in the tumor remained significant after 

consideration for multiple comparisons.

This is the first study in a US population to investigate the association between genus-beta 

HPV DNA in plucked eyebrow hairs and SCC and to stratify these associations by the 

presence or absence of genus-beta HPV DNA in the tumor tissues. In conclusion, this case–

control study provides continued evidence for the potential role of cutaneous HPV infections 

in SCC, evidenced by observations that cases, compared to controls, had a significantly 

higher prevalence of HPV DNA in their eyebrow hairs, with particularly strong type-specific 

associations observed among tumor DNApositive cases. In addition, qPCR analysis revealed 

differences in viral DNA loads by sample type and case–control status. Finally, similar type-

specific associations were observed across biomarkers, including serological associations 

previously reported.14 Natural history studies of cutaneous HPV infections are warranted to 

not only better understand the direction of the association between HPV infections and SCC, 

but to elucidate the potential for type-specific HPV infections in SCC development, or more 

simply, implicate any cutaneous HPV type infection as a risk factor for SCC.
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EBH eyebrow hairs

EV epidermodysplasia verruciformis

HPV human papillomavirus

LCS Moffitt’s Lifetime Cancer Screening clinic

OR odds ratio

qPCR quantitative, real-time PCR

SCC squamous cell carcinoma

TS-MPG type-specific multiplex genotyping

USF University of South Florida
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What’s new?

Some HPVs contribute to cervical cancer, but other types, called genus beta HPVs, 

commonly infect the skin and are associated with squamous cell carcinoma. In this study, 

the authors investigated the association between genus-beta HPV DNA found in plucked 

eyebrow hairs and the presence of SCC, as well as the presence of genus-beta HPV DNA 

in the tumor tissue. They found that the viruses were found in eyebrow hairs more often 

in those with cancer than those without, suggesting that the virus plays a role in cancer 

development, and could make a good therapeutic target.
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Table 3

Genus-beta type-specific HPV DNA prevalence in SCC tumor tissues (n = 180)

Genus-beta species/type

All (n = 180)

n (%)

Any beta type 118 (65.6)

Beta 1

 any 79 (43.9)

 5 27 (15.0)

 8 19 (10.6)

 12 18 (10.0)

 14 4 (2.2)

 19 10 (5.6)

 20 13 (7.2)

 21 9 (5.0)

 24 19 (10.6)

 25 0 (0.0)

 36 20 (11.1)

 47 1 (0.6)

 93 8 (4.4)

Beta 2

 any 100 (55.6)

 9 9 (5.0)

 15 20 (11.1)

 17 23 (12.8)

 22 19 (10.6)

 23 49 (27.2)

 37 6 (20.6)

 38 31 (17.2)

 80 22 (12.2)

Beta 3

 75 6 (3.3)

 76 0 (0.0)

Beta 4

 92 10 (5.6)

Beta 5

 96 8 (4.4)

# of beta types

 1 type 38 (21.1)

 2 types 23 (12.8)

 3 types 23 (12.8)
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Genus-beta species/type

All (n = 180)

n (%)

 ≥4 types 34 (18.9)
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Table 6

Associations between genus-beta HPV seropositivity and SCC in the absence or presence of concordant 

genus-beta HPV DNA in plucked eyebrow hairs (A) and associations between the presence of genus-beta 

HPV DNA in plucked eyebrow hairs and SCC in the absence or presence of antibodies to the same or 

discordant HPV types (B).

Genus-beta HPV seropositivity and viral DNA status of eyebrow (EB) hairs
Controls (n = 290)
n (%)

SCC (n = 168)

n (%) OR (95% CI)1

A2

Seronegative regardless of EB DNA 117 (40.3) 46 (27.4) 1.00 (reference)

Seropositive without concordant EB DNA 110 (37.9) 64 (38.1) 1.73 (0.97–3.10)

Seropositive with concordant EB DNA 63 (21.7) 58 (34.5) 1.42 (0.75–2.68)

B

Seronegative/EB DNA negative 36 (12.4) 5 (3.0) 1.00 (reference)

Seropositive/EB DNA negative 41 (14.1) 17 (10.1) 1.92 (0.56–6.61)

Seronegative/EB DNA positive 81 (27.9) 41 (24.4) 1.90 (0.62–5.77)

Seropositive/EB DNA positive for discordant types 69 (23.8) 47 (28.0) 3.36 (1.12–10.07)

Seropositive/ EB DNA positive for concordant types 63 (21.7) 58 (34.5) 2.37 (0.78–7.19)

1
Odds ratios (OR) and 95% confidence intervals (CI) adjusted for age, sex, education, hair color, occupational sunlight exposure, tanning ability 

and ever smoking at least 100 cigarettes in lifetime.

2
Analysis modeled after Proby et al. Am J Transplant 2011.
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